The effect of a culture powder of Propionibacterium freudenreichii ET-3 cells containing a bifidogenic growth stimulator (BGS) on fecal flora was studied in twelve healthy subjects with a mean age of 42.6 (range, 27-56 years). One gram of BGS powder containing 17.4 U of BGS activity was administered for 14 days, three times a day after meals. A significantly higher number of bifidobacteria in fecal samples was observed during the intake period of the BGS powder. The frequency of occurrence of the bifidobacteria also increased from 92% to 100%. These results indicate that the BGS acts in the intestine as a growth stimulator of bifidobacteria when the BGS powder is administered.
INTRODUCTION
We found a novel bifidogenic growth stimulator (BGS) produced by Propionibacterium freudenreichii in 1994 (7) and recently identified the chemical structure of the BGS as 2-amino-3-carboxy-1,4-naphthoquinone on the basis of various experimental analyses (16) . The BGS has a specific effect on the bifidobacterial growth of intestinal bacteria at extremely low concentrations (8, 16) . Furthermore, the BGS action in human fecal culture was examined using a 2-stage, anaerobic continuous culture system inoculated with human feces (8) . When a medium supplemented with 1% (vol/ vol) sterilized P. freudenreichii culture was used in this continuous culture system, the growth of bifidobacteria and acetate production were greatly enhanced, especially one day after incubation. However, to conclude whether the BGS acts as a useful bifidogenic factor in the human intestine, in vivo study is required. The aim of the present study is to investigate the changes in fecal microflora in healthy human subjects when the culture powder (BGS powder) of P. freudenreichii ET-3 is administered.
MATERIALS AND METHODS
Microorganisms. Propionibacterium freudenreichii ET-3 used in this study was isolated from a Swiss-type cheese and Bifidobacterium longum 6001, used as a test microorganism for BGS activity assay, is stocked in the Central Research Institute of Meiji Milk Products Co., Tokyo, Japan.
Assay of BGS activity. B. longum 6001 is dependent on BGS for growth, as found when the BGS activity was determined by an agar diffusion plate assay (8, 16 
RESULTS

AND DISCUSSION
The pH change and composition of the major bacterial groups in the stool specimens obtained during each experimental period are summarized in Table 1 . Compared with the corresponding skim milk powder intake (A) period, a significantly higher number of bifidobacteria were observed during the BGS powder intake period. After the consumption of the BGS powder, the frequency of occurrence of bifidobacteria was increased from 92 to 100%. On the other hand, the counts of Bacteroidaceae during skim milk powder intake (B) period were significantly lower as compared with the corresponding skim milk powder intake (A) period. Although the numbers of eubacteria and clostridia during the BGS powder intake period were decreased slightly (p = 0.060 and p = 0.055) as compared with those during the skim milk powder intake periods, there were no significant differences in other bacterial counts and pH values.
Ameyama et al. (1, 2) and Matsushita et al. (11) reported that pyrroloquinoline quinone (PQQ), a newly discovered coenzyme, showed a specific stimulating effect on microbial growth. The D-glucose dehydrogenase exists in the membranes of Escherichia coli mainly as an apoenzyme which can be activated by the addition of PQQ (10) . Furthermore, the PQQ has been shown to have a fundamental role as a growth factor in mice (9) . Although the BGS produced by P. freudenreichii belongs to one of the quinone compounds (2-amino-3-carboxy-1,4-naphthoquinone), the chemical structure of BGS differs from PQQ, and the PQQ did not have a stimulating effect on bifidobacterial growth (8) . We found through in vitro study that the growth of bifidobacteria could be greatly enhanced when grown in batch or continuous cultures containing 1% (v/v) sterilized P. freudenreichii ET-3 culture. Also, the BGS (2-amino-3-carboxy-1,4-naphthoquinone) stimulated bifidobacterial growth at extremely low concentrations (0.1 ng per milliliter) (7, 8, 16) . These results suggest that the BGS does not serve as a substrate and the mechanism of bifidobacterial proliferation by the BGS is clearly different from oligosaccharides such as fructooligosaccharides (3, 12) . Recently, it has been found that NADH oxidase/NADH peroxidase activities in bifidobacteria are enhanced by the addition of the BGS (4) and the BGS acts as an electron transfer mediator from NADH to O2 (17) . In this study, a significantly higher number of bifidobacteria were observed during the BGS powder intake period when the culture (BGS) powder of P. freudenreichii ET-3 was fed to healthy human subjects and the frequency of occurrence of bifidobacteria was also increased. However, it is necessary to confirm that the available amounts of the BGS definitely reached the large intestine when the BGS powder containing 52.2 U of BGS activity was fed in one day. This study demonstrated that the BGS may act in the intestine as a growth stimulator of bifidobacteria. However, more extended (in vivo) studies concerning the absorption and transition of BGS in the gastrointestinal tract are needed to clarify the action of the BGS on bifidobacterial growth.
